The evaluation of an occupational disease often involves cluster analysis or aggregate analysis or both in that small groups of workers in a given industrial location are reported to have an increased prevalence of some disease which mayor may not be related to their occupational exposures. However, these analyses can be difficult. Small numbers, inadequate reference populations , multiple exposure agents, and population factors, not to mention the possibility of chance alone leading to the apparent increase, are all problem s plaguing these analyses (1) (2) (3) (4) (5) (6) . Nevertheless, we feel that various aspects of cluster and aggregate analyses, previously applied to cancer and infectious disease problems, are relevant to the investigation of occupational and environmental diseases.
In 1986, we discovered a cluster of toxic liver disease among workers exposed to the solvent dimethylformamide (7) . Thirty -five out of the 45 exposed production workers had abnormalities of their liver transaminases [serum glutamic oxaloacetic transaminase (SOOT) (aspartate aminotransferase) and serum glutamic pyruvic tran saminase (SOPT) (alanine aminotransferase)], while only one out of the 12 unexposed nonproduction workers had such abnormalities. Specifically, the SOOT and/or SOPT levelwas significantly elevated and the SOOT:SOPT ratio was < 1 for all but one of the exposed population. At the same time, other indices of liver abnormality (such as bilirubin, alkaline phosphatase, and viral serologies) were normal in the entire study population. Finally, liver biopsies (including special fat stains and electron microscopy) obtained from seven exposed individuals showed evidence of microvesicular fat and hepatocellular unrest, without significant inflammatory infiltrate. It was felt that the overall clinical and pathological picture was consistent with an epidemic of liver disease of a toxic origin (7, 8) .
Concerns about this preliminary study included the following: the small number of demographically different unexposed subjects, the inclusion of the three index cases, the possibility of some unidentified "population" factor (such as increased prevalence of obesity, diabetes, alcohol abuse, non A non B viral hepatitis, previous occupational exposures, or merely a different distribution of liver transaminases among the population from which the exposed group of workers came), the statistical distribution of the liver transaminases, and the assertion that dimethylformamide was the causative agent. We undertook the following analysis in order to address these concerns and to establish that this cluster represented a real epidemic of occupational liver disease.
Subjects and methods
Due to our role as the medical director of the company in which the epidemic of toxic liver disease took place, over the past 14 months we were able to collect a large case file of individuals undergoing preemployment medical screening. This screening involved, among other things, a complete liver profile (ie, the liver transaminases SOOT and SOPT, alkaline phos-phatase and bilirubin). Using this information, we were able to assemble a population of men who were unexposed and demographically similar as the unexposed population in our reanalysis. It should be noted that preemployment data (induding height and weight) did not exist for the exposed individuals.
To evaluate the actual cluster of exposed workers, we elected to exclude from our anal ysis the three index cases since they could bias our results. We decided to look only at the population of both the exposed and the unexposed subjects who fulfilled the following criteria: male, Hispanic (by last name), and only in exposed jobs (ie, production, laminator, quality control). This procedure created an exposed population of 41 individuals from the original 45, and an unexposed population of 111 individuals from the preemployment screening group of 136. We evaluated only the initial liver transaminase values of all these individuals.
We reanalyzed the statistical distribution of the liver transaminases and their ratio by performing a log 10 transformation. This transformation not only gave a more normal distribution, but was also in accordance with existing literature on the analysis of liver transaminase values (9, 10) . We then compared the exposed and unexposed populations by performing t-tests , an analysis of possible confounding variables, and, finally, a multivariate regression analysis (including analysis of covariance) using the various relevant variables available. These variables consisted of exposure status, age, and liver transaminases with their ratio (ie, SGOT:SGPT ratio); other variables such as race, sex, and job category were the same between the exposed and unexposed groups. All the statistical analyses were performed with the use of the SAS (statistical analysis system) program, version 6.02.
We were concerned about the possible confounding effects of age. It was possible that the duration of employment could be collinear with age. The original investigation had shown that the liver transaminases actually decreased with duration of employment (7) . In addition, there was evidence from the t-test that age was significantly different between the two exposure groups (P = 0.006). A regression analysis looking at age alone in each exposure group separately revealed no significant effect of age on any of the transformed liver transaminases or their ratio. Therefore, age did not appear to be an effect modifier.
Finally, several engineering and industrial hygiene changes, with worker education in Spanish and English, were implemented in the workplace through the efforts of the union and management. In add ition a dramatic reduction occurred in the actual amount of dimethylformamide used in production. Finally, medical surveillance in the form of a liver-profile blood screen, carried out every three months, and a complete annual medical evaluation had been implemented over the past 14 months.
Results
First, we examined basic demographic information to make comparisons between the exposed (N = 41) and unexposed (N = 111) subjects. The exposed group was slightly older on the average [mean 33.5 (median 29) years] than the unexposed group [mean 28.2 (median 25) years] at the time of the initial screening. At-test indicated that the age difference between the two groups was statistically significant (P = 0.006).
We then examined the liver transaminases in each of the two groups and found that the means and medians of the liver transaminases and their ratio were very different within each exposure group ; that is, there was evidence of a skewed distribution. We performed log 10 tran sformations of the liver transaminase data, and these transformations markedly normalized the distributions in that they led to an increased correspondence between the means and medians within each exposure group. (See table 1 and figure 1.) We then looked at t-test analyses that compared the two groups after the log 10 transformations of the data. In some contrast to the original investigation, we found that the SGPT and the SGOT :SGPT ratio were significantly different between the two groups (P<O.OOOI for both), while the SGOT difference was no longer statistically significant.
Since we were still concerned about a possible age effect on the liver transaminase distributions and the confounding effect of age in general, we elected to keep age as a variable in the final analysis . We examined, by multivariate regression analysis, models which included the variables of exposure (a dichotomous variable: exposed versus unexposed) and age (a continuous variable) for each of the transformed liver transaminases and their ratio. The analysis showed that there were significant effects of exposure (with age) on the liver transaminases and their ratio (with P <0.0001 in the F-test for the SGPT and the ratio). In other words, those workers who were in the exposed Figure 1 . Distribution of the untransformed and transformed (log 10) ratios of serum glutamic oxaloacetic transaminase (SGOTj to serum glutamic pyruvic transaminase (SGPT) (exposed and unexposed workers combined). group were more likely to have an increased SGPT level and a SGOT:SGPT ratio of < I than the unexposed group . (See figure 2.) Again, the SGOT level was not found to be statistically different between the two groups. Of note, we did examine the possibility of covariance between the two variables exposure and age in our model and found it to be an appropriate model with parallelism present and a normal distribution of the residuals.
Finally, the 14-month medical surveillance system, with the engineering and industrial hygiene controls alread y described, revealed no definite new cases of liver disease in this workplace.
Discussion
We reexamined an apparent epidemic cluster of toxic liver disease among workers exposed to the solvent dimethylformamide. First we provided a new, larger, and demographically similar unexposed group for comparison. This population consisted of III Hispanic men applying for exposed jobs. We also excluded the original three index cases from the analysis. We thus created two very similar groups in terms of demographic and , presumably, medical characteristics.
We then performed log 10 transformations of the data in order to gain more normalized distributions and thus a more statistically valid analysis of the data. A multivariate regression analysis, after analysis for possible confounding and covariance, revealed a significant effect of exposure on the liver transaminase status. Those who were exposed had significantly elevated SGPT levels and were more likely to have an SGOT:SGPT ratio of < 1.
From this analysis, we conclude the following. First, the elevation of liver transaminases, in particular the SGPT level, was not attributable to a population factor since we used as our comparison a demographically similar population. Since 20 % of the unexposed population (as opposed to 59 % of the exposed) did have one or more liver transaminase valuesgreater than the laboratory normal for the liver transaminases, it is possible that there was an increased rate of such factors as obesity, diabetes , non A non B viral hepatitis, alcohol use, other occupational exposures, acquired immunodeficiency disease, or intravenous drug use in this general population. However, it should be noted that there appeared to be a normal distribution of liver transaminases within this population, with data trans-formation, which suggests that there may be some slightly different population liver transaminase distribution rather than an infectious or toxic etiology. In terms of our own analysis, this possibility is irrelevant since it did not prevent us from showing a statistically different increase in the liver transaminases and their ratio among the exposed workers when they were compared with an unexposed population.
As with the preliminary investigation, we affirm that an SGOT:SGPT ratio of < 1, especially when each of the liver transaminases is <300 lUll, may be suggestive of the diagnosis of toxic liver disease (7) . This can be a useful criterion for worker populations in which the liver transaminases are often not so elevated as to suggest acute viral hepatitis, but their increase does suggest the possibility of alcoholic hepatitis. In addition, an .elevated level of gamma glutamyl transpeptidase, while extremely sensitive to any liver insult, does not distinguish between alcoholic and toxic hepatitis (11, 12) . However, past work has shown that with elevated liver transaminases of < 300 and with SGOT:SGPT ratios of > 2, there is a strong possibility of an alcoholic etiology (13) . Of note, 40 of our 41 exposed subjects had a SGOT:SGPT ratio of < I, and all the subjects' liver transaminases were below 300 lUll. None of aur subjects were known diabetics, and, unfortunately, height and weight were not available for the exposed individuals. As was mentioned, during the 14 months of medical surveillance, after significant reduction in and protection from the use of dimethylformamide, there have been no new cases of toxic liver disease -despite the new exposure of 138 new employees in this workplace and the introduction of new solvents such as trichloroethylene and methylene chloride. Thus we are almost certain that dimethylformamide (or dimethylformamide in synergism with some other agent or agents) was the causative agent of the orig inal epidemic of toxic liver disease. This possibility is further supported by preexisting evidence in the literature of dimethylformamide hepatotoxicity in both humans and animals (14) . Therefore, we recommend that this chemical, with its extensive use and significant skin absorption, be monitored closely in the future, especially since recent investigations suggest that, in addition to its hepatotoxic effects, dimethylformamide may also be a testicular carcinogen in humans (15, 16) .
We recommend the use of preemployment screening as a useful source of unexposed comparison populations in the analysis of occupational clusters. We believe that this technique would be especially useful in clusters of fairly acute and highly prevalent diseases (such as respiratory morbidity in the case of indoor air pollution or acute toxic scenarios such as we have described). In addition, it is also useful in workplaces in which there is a relatively high turnover of employees or a relatively large work force since it leads rapidly to large numbers of preemployment individuals for comparison groups in occupational cluster analysis.
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Finally, we hope that the work which has already been done in infectious disease and cancer cluster analysis will be applied more extensively in the future to occupational and environmental settings.
